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THE NEED FOR ENERGY MANAGEMENT 
©VOlK 
Energy, according to Webster, is "the capacity to 
do work."  In the home, energy works in dozens of 
ways to make life comfortable and convenient. 
Business and industries depend heavily on various 
types of energy to keep machines and systems op­
erating. Municipalities depend on energy to pro­
vide services to the community. Without energy, 
transportation is at a standstill. 
The truth is, the present and future standard of liv­
ing, the state's economy, your municipality's future, 
and life in general all are directly related to vast and 
increasing demands for energy. 
The public must come to understand that energy 
supplies are rapidly being used up and energy itself 
is becoming a precious commodity. Yet little has 
been done to manage energy efficiently in order to 
help assure that the supplies will go further. Energy 
management must be an integral part of daily life 
and business. 
For the short-term, to weather the transition period 
before the long-term possibilities become widely 
practical, our best option is energy conservation. In 
one sense, using energy more efficiently is a major 
potential energy source. By conserving our scarce 
resources of oil and natural gas, we n1ake them 
available for uses for which they are uniquely suited. 
Although our econon1ic growth has been linked 
historically to rapidly increasing demand for energy, 
conservation does not have to adversely affect our 
economy. In fact, using energy more efficiently can 
have a positive economic impact. Furthermore, we 
have almost endless opportunities for conservation. 
As much as one-third of the United States' energy 
consumption may constitute recoverable waste, simply 
because our buildings, factories, and automobiles are 
geared to the era of cheap energy. The United States 
consumes more energy per dollar of gross national 
product than any other industrialized nation, and twice 
as much energy per capita as West Germany, which has 
a similar standard of living. 
2 
According to the American Institute of Architects, 
the improved design of new buildings and modifica­
tions of old ones could save an amount of energy 
roughly equivalent to twice our oil imports. Recovery 
of waste heat from electrical generating plants, 
improved industrial process efficiency, and more effi­
cient automobiles also offer substantial conservation 
potential. 
These problems and opportunities require in­
formed and coordinated action by individuals, private­
sector organizations, and all levels of government. For 
the State of Tennessee, this Conservation Plan is a first 
step toward meeting that need. 
LEADERSHIP 
BY ELECTED MUNICIPAL OFFICIALS 
The leadership of the elected municipal official is 
important to the success of every program in the com­
munity, but it is particularly important in the develop­
ment of a successful communit y energy conservation 
plan. Aside from being a national problem, the energy 
situation is first and foremost a local problem. The 
most effective means for conserving our scarce energy 
resources is for each community in the United States to 
initiate and implement a comprehensive conservation 
effort right in its own back yard. 
The energy situation is a local problem and it 
affects every person in the community. For this reason 
it is necessary that elected officials confront the 
problem on the local level. It is the responsibility of 
every elected official to understand the seriousness of 
the energy shortage and roll up sleeves and go to work 
in his or her community directing an effective energy 
plan. The local official cannot take the attitude that the 
energy shortage is a national problem that must be 
solved in Washington. It is a national problem, but it is 
also a local problem that concerns every person in the 
community. Any national solution to the energy 
problems facing our nation today must be directed 
back to the local level because that is where the energy 
is ultimately consumed. 
Every community is unique and has its own 
singular problems. This is particularly true with respect 
to the energy shortage. Each community consumes 
energy in a different manner and has its own particular 
problems to solve. For this reason each community 
must develop its own unique energy plan and imple­
ment it if efficient energy usage is to be realized within 
the community. Any local energy plan developed in 
Washington cannot possibly reflect the consumption 
patterns and problems encountered in each community 
across the nation. 
The vital role the elected official plays in developing 
an energy plan for his or her community can be under­
scored by asking, who, if not the elected official, has the 
ability and resources to accomplish the task? The 
answer is simple-no other individual in the com­
munity has the responsibility or capability to direct a 
community-wide conservation effort. Each citizen in 
the community looks to the elected official for leader­
ship in this vital area. It is the elected official who can 
initiate action in the community to alert the citizenry, 
develop an energy plan, and pass the necessary laws 
upon which an effective conservation effort can 
flourish. In essence, the elected official has the ball with 
respect to the energy situation. He or she must pick it 
up and run with it. 
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AN ENERGY PROGRAM 
FOR TENNESSEE CITIES 
This Energy Program has been designed and de­
veloped to provide specific guidance to cities in im­
plementing an energy management program. 
Much information is produced today from a myriad 
of sources on the need to conserve our energy re­
sources, but little information is given on how t o  
systematically deal with the problem. What fol­
lows is intended to be an outline of "how to do it." 
The program is relatively simple in its design. 
Just as is true in the old adage, "you have to spend 
money to make money," you will have to spend a 
little energy to save a lot of the city's energy. The r�­
q uirements are: 
1) A commitment by elected officials to carry out 
an effective energy management program. 
This requires certain skills by city employees 
which can and will be developed in workshops 
located within easy commuting distance of 
your city. 
2) The assistance of citizens is equally important 
to build a community-wide interest in energy 
conservation. These citizens, appointed by the 
Mayor and governing body to a commission on 
energy, also must become knowledgeable 
about what can be accomplished in the com­
munity. A workshop for the commission's 
members and elected officials will provide 
basic information on community awareness 
activities, information sources and energy 
planning. 
3) The need to monitor progress is self-evident. 
Without basic data the program cannot mea­
sure the effectiveness of the city's efforts. Two 
tools should be used for measurement pur­
poses: 
a) An energy budget for all city facilities and de­
partments. 
b) A monthly management report. 
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GOALS 
The overall goals of the program are to make cit­
ies energy efficient and to raise the level of aware­
ness in the community of the need to conserve en­
ergy. The goals are translated into specific results 
which are measurable: 
a) To reduce the level of energy consumption in 
municipal activities by at least 15%. 
b) To reduce the per capita level of energy con­
sumption in the total community by at least 
5%. 
The target date for these reductions will be the 
end of 1981, or earlier if possible. 
Realistic and achievable goals are key compo­
nents to a successful program. Studies by the Ten­
nessee Energy Authority have determined the 
goals for this program to be practical and well with­
in the resources of participating cities to accom­
plish. 
OBJECTIVES 
The objectives necessary to achieve the goals are 
the heart of the program. They are: 
I. METHODOLOGY -To establish a methodol­
ogy and organization within cities for an energy 
management program. Everyone concerned rec­
ognizes the increasing cost of energy, but getting 
organized to deal with the problem is difficult. This 
program is designed to help your city by providing 
guidance in organizing an effective program. 
II. TECHNICAL ASSISTANCE-To provide need­
ed technical assistance to cities in four areas: 
a) Identification of energy saving opportunities. 
b) Development of management skills. 
c) Providing solutions to problems. 
d) Establishing a record-keeping system. 
Such assistance may be obtained from electric 
and gas systems, private consultants (architects, en­
gineers, etc. ) who are specializing in the energy 
field, and university faculty personnel. MT AS con­
sultants will provide limited assistance in the plan­
ning phase. The Center for Government Training 
will conduct seminars and workshops for personnel 
involved in energy conservation programs. 
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III. ENERGY BUDGET-To establish the prIncI­
ple o f  budgeting energy in city departments and o p­
eratio ns. Budgeting dollars fo r energy used by a city 
does not provide an adequate management too l  be­
cause the cost o f  energy keeps going up. By estab­
lishing a budget o n  the basis of usage, the city can 
co ntro l energy expenditures more effectively and 
can budget do llars more intelligently fo r new facil­
ities and equipment. 
IV. COMMUNITY-WIDE CONSERVATION­
To encourage energy conservatio n thro ugho ut the 
community. Through the creatio n o f  a Co mmissio n 
o n  Energy, an awareness program in each com­
munity can be undertaken. Its members will be 
able to develo p a program based on informatio n in 
the materials to be given out at the wo rksho ps. 
v. PLANNING-To pro vide a planning pro cess fo r 
the co mmunity to fo llo w in assessing present and 
future energy needs and alternatives. Energy is the 
lifeblo od of a co mmunity. If the supply o f  any forms 
of energy is interrupted, it can be extremely dis­
ruptive to a local econo my. The dependency upo n 
various energy sources in each co mmunity must be 
established and alternatives planned in order to 
pro vide a stable econo mic base. Future develo p­
ment in the community also must be carefully 
planned to minimize energy consumptio n. A basic 
planning pro cess will be included in the materials 
distributed at the worksho ps. 
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VI. ANTICIPATED PROBLEMS-To overcome 
anticipated pro blems in city government and 
througho ut the community. These include: 
a) The burden o f  adding respo nsibilities to exist­
ing jo b requirements, because keeping track 
of energy consumption is a new functio n. 
b) Changing established habits; e.g., driving at 
55 MPH. 
c) Lack of co operation by vario us gro ups and indi­
viduals. 
City o fficials and members o f  energy commis­
sions will have to o verco me these pro blems with 
stro ng leadership and enthusiasm. 
VII. MONITOR PROGRESS- To determine the 
effecti\"eness o f  the program it is necessary to mon­
itor progress made. To acco mplish this objective, 
the municipality must establish a simple record­
keeping system. The Co mmissio n on Energy will 
have to use other techniques and rely on data sup­
plied by the various energy suppliers. 
ROLE AND COMMITMENT 
OF MAYOR AND COUNCIL 
Effective conservation means changes in long­
established habits, attention to detail, and some­
time long-range planning and capital investment. 
Leadership is essential. To be successful, local com­
prehensive programs must have the active backing 
of the highest elected and appointed officials. 
The following is an outline of the commitments 
needed on the part of the local elected officials and 
the program elements to be adopted and imple­
mented by a city government. 
REDUCE ENERGY CONSUMPTION 
As stated previously, one goal is to reduce total 
community energy consumption by 15% by the end 
of 1981. This goal must be taken seriously in order to 
assure success of the program. Once achieved, a 
new goal should be adopted; e.g. , additional reduc­
tion or maintaining the existing reduced level of 
energy consumption. 
POLICY STATEMENT 
To launch the program, the Mayor and governing 
body should adopt a resolution declaring that it is the 
policy of the city to encourage energy conservation 
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both inside and outside of government, and outlin­
ing various objectives of the program. 
Appendix I is a Model Statement of Policy on En­
ergy Conservation. 
ENERGY MANAGER 
If the program is to be anything besides a council 
resolution, it will require some resources from the 
city . The most important resource, of course, will 
be staff time, and the most effective way to run the 
program is to provide it with a full-time staff. In gov­
ernments too small for this to be feasible, a specific 
person should stil l have responsibility for the pro­
gram, where possible . This "energy conservation 
manager," working with department heads, should 
be given the resources and powers to act and as­
signed the duty of producing energy savings. 
Staff time can easily be compensated for in sav­
ings in energy. For instance, a $20,000 energy bill re­
duced by 15% will save $3,000. In large cities, such 
savings could surpass the expense of added full-time 
staff for the sole purpose of conserving energy. But 
a break-even, or a small net-loss, operation may be 
justified to conserve scarce natural resources. 
A number of city governments have taken a com­
mittee approach to energy savings. An energy con­
servation committee may be composed of con­
cerned department heads from public works, po­
lice, fire, maintenance, schools, inspections, engi­
neering, and public transportation, a long with other 
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interested parties . The committee should meet pe­
riodically to review the energy conservation per­
formance of each department and to develop tar­
gets and new programs. 
The detailed responsibilities of an energy con­
servation manager or committee will be discussed 
in the workshop for city employees. 
COMMISSION ON ENERGY 
For outreach programs, to promote and assist en­
ergy conservation outside the local government, a 
Commission on Energy should be established. 
Members should include a representative from the 
city, representatives from citizen groups, the cham­
ber of commerce, and local organizations, firms and 
individuals with interests in energy conservation. 
This commission would develop and review strate­
gies for implementation by the local government, 
volunteers, and private firms. It provides a way to 
involve the community directly in the programs 
and make them more effective. 
There will be workshops for elected officials and 
members of the Commission on Energy to provide 
basic information on conducting an energy conser­
vation program in communities. The workshops 
will be in regional locations, to minimize travel 
time, and will be free. The co-sponsors of the pro­
gram will provide the workshop leaders. All in­
volved personnel should make maximum use of 
these training opportunities to increase the effec-
tiveness of the program. 
The Commission on Energy will generate a 
small amount of clerical work which the city should 
provide: typing minutes, mailing notices, filing, oc­
casional correspondence, etc. 
ENERGY BUDGETING 
Just as a city adopts a financial budget, it also 
should adopt an energy budget. Energy is too impor­
tant and costly to leave to guesswork. The budgeting 
process represents a constructive step toward 
understanding energy usage in the city and, there­
fore, a sound basis for decision making. 
Briefly, the budgeting system has been designed 
to project the expected energy usage of every facil­
ity and operation of city government. Initially this 
will be based on available historical information of 
consumption of energy by the city and a pragmatic 
forecast of anticipated potential reduction. 
The system will require the collection of energy 
consumption information on a month-by-month 
basis to monitor performance. From this informa­
tion, management decisions and inferences may 
be made of potential areas where steps may be 
taken to conserve and reduce usage. Future facili­
ties and operations can be evaluated clearly on the 
basis of energy usage. 
The energy budget concept also is designed to as­
sist cities with the information required by the De­
partment of Energy under the grants program for 
schools, hospitals, local governments, and public care 
buildings. 
ENERGY PLANNING 
Cities can deal with the future cost and limited 
supplies of energy by preparing plans which opti­
mize community development and energy conser­
vation. The city needs to collect information on en­
ergy usage patterns in the community and develop 
plans to provide alternate fuels or courses of action 
in times of energy shortages. In its land use and 
transportation planning, the community should 
consider the impact of any development project or 
transportation corridor on the overall energy effi­
ciency within the community. Facilities should be 
located and built with future energy costs and con­
servation in mind. 
The program provides a planning process which 
is simply designed. This is deliberate in order to give 
the city a logical and effective approach to energy 
planning that recognizes the limited resources a 
city may have for this purpose and to permit the 
Commission on Energy to prepare the plan. The 
process also can be related to existing planning ef­
forts in the community. 
BUILDING CODES 
Most existing building codes do not incorporate 
many of the potential opportunities for energy con­
servation in new construction. To correct this situa-
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tion, citles should consider adopting "Energy Con­
servation" Appendix "J" to the Standard Building 
Code (available from the Southern Building Code 
Congress International). Also, as new technology. 
materials and methods for energy conservation de­
velop over the ensuing years, changes in building 
codes will be inevitable. The city needs to monitor 
such developments and make whatever changes 
are necessary to encourage energy efficient build­
Ings. 
DEMONSTRA TION PROJECTS 
Demonstration projects stimulate action 
throughout the community, region and state. To the 
extend that resources are available, the city should 
pursue energy conservation demonstration grants 
such as solar heating and cooling for a new building. 
Or the city should encourage, through the Commis­
sion on Energy, other agencies to undertake proj­
ects, e. g. , the construction of energy efficient homes 
by local builders. 
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LEADERSHIP 
The elected officials in a community are its lead­
ership. What they do influences others. To stimu­
late interest in energy conservation, the elected of­
ficials and city employees should practice and en­
courage energy conservation at every opportunity. 
By evaluating city facilities for energy saving oppor­
tunities. buying the most efficient vehicles for each 
function, formulating energy plans for the commu­
nity, proclaiming an energy week and otherwise 
speaking out on energy management, much can be 
done to reach and influence the energy-consuming 
pUblic. 
ENERGY MANAGEMENT 
IN MUNICIPAL OPERATIONS 
As the "energy crisis" unfolded� municipal govern­
ments experienced shortages in supplies following the 
oil embargo in late 1973, the quadrupling of fuel prices 
that occurred in 1974, and a persistent but less rapid 
rise in fuel prices since that time. While these events are 
beyond the control of local government, and their 
impact on the cost of local government services is 
severe, cities cannot choose to forego providing critical 
services. Often, a generalized feeling of helplessness has 
led to acceptance of steadily rising energy costs as a fact 
of life that must be absorbed in the municipal budget 
either at the expense of other services or by raising 
additiona 1 revenue. 
This need not be the case. Although the price of 
energy is largely beyond the direct control of muni­
cipal government, the amount it uses is not. In most 
cities energy use in buildings comprises about 70 
per cent of the total energy used in all municipal 
services, including fueling vehicles and lighting streets. 
Because energy was cheap when the existing physical 
plant was developed, most buildings use much more 
energy than is required to perform their functions. 
Substantial savings can be made without reducing the 
level of services offered in these facilities or imposing 
hardships on their users and occupants. The U.S. 
Department of Energy has determined that it is 
practical to cut energy use by 15 per cent in existing 
municipal buildings and operations. Achieving this 
result requires that energy use be managed and 
controlled to eliminate the margin of waste and ineffi­
ciency that exists. 
As the mayor and council consider whether to or­
ganize a program to save energy in municipal 
buildings, the real nature of the energy crisis should be 
kept in mind. The fundamental cause is the depletion of 
domestic petroleum and natural gas supplies that must 
be replaced at significantly higher prices. Rising energy 
prices will be a fact of life over the next quarter century. 
If energy costs rise by an annual rate of 6 per cent, 
within 12 years the price of fuel will double. Similarly, 
the energy "saved" each year will increase in value by 6 
per cent. Many municipalities that manage their cash 
reserves would be pleased with a 6 per cent return on 
these assets. A Municipal Energy Management 
Program will yield a similar return. 
This program is designed to enable local decision 
makers and operating personnel who do not have 
extensive technical training to organize, implement, 
and sustain an energy savings program in municipal 
operations. The emphasis on ··energy management" 
rests on the principle that a significant portion of 
energy costs is in fact "controllable. " An effective 
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program addressing the causes of waste and ineffi­
ciency will pay for itself many times over in savings of 
local tax dollars. This Energy Management Program 
introduces the tools that are the foundation blocks of a 
successful program. 
RESPONSIBILITIES OF THE ENERGY CONSER­
VATION MANAGER OR COMMITTEE 
Management is organizing resources and directing 
people toward a goal. The chief executive of a city 
government must focus the responsibility for 
coordinating and accomplishing the tasks of an 
energy management program. The options for 
organizing this management function can vary widely 
from city to city depending upon the local mix of talent 
and resources as well as the amount of expected dollar 
savings in a given community. The program can be 
managed by a committee of relevant department heads 
and technical personnel, by an individual who may 
already have substantial responsibilities in city govern­
ment, or by an individual hired specifically for this 
purpose. 
The functions of the Energy Conservation 
Manager (ECM) or Committee are broad and, 
therefore, the support of the mayor and council and the 
cooperation of other city employees are necessary. 
Outlined here are some of those responsibilities and 
duties which must be carried out or coordinated by the 
energy manager. 
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Energy Audits. Conducting energy consumption 
audits of city facilities or arranging for such audits to 
be made within a given period of time is a primary 
responsibility of the Energy Conservation Manager. 
The purpose of an energy audit is to identify the 
sources of waste and inefficiency in city facilities and 
operations. It is a physical survey leading to the esta b­
lishment of an energy management program based on 
the energy conservation opportunities (ECO's) 
identified in the audit. Experience in using this 
approach has shown that significant (usually greater 
than 15 per cent) savings can be achieved with imple­
mentation of the audit recommendations involving 
minimal cost to the city. 
It is important for the city to establish a specific, 
realistic date for the completion of the energy audits or 
the program will lag behind. Since the initial auditing 
procedure is a one-time task, the city should devote 
whatever manpower is needed to the project. The 
savings in energy costs which will accrue to the city 
frequently compensate for the effort required. 
Energy Budget. The energy budget should address 
the goal of meeting the 15 per cent red uction in energy 
consumption in existing city facilities and operations. 
The budgeting technique is relatively simple in its 
approach and deals with the purposes for which energy 
is purchased by the city. 
The Energy Conservation Manager will be 
responsible for preparing or coordinating the 
preparation of the energy budget. This will require 
gathering data on energy consumption for each facility 
and operation for the past year. This can be prepared 
by a clerk going through the accounting records or 
utility bills. The budget will be based on last year's 
energy consumption less whatever per cent reduction 
can be determined (through energy audits or other 
means) to be realistic for each facility or operation, 
including vehicles. Each month, the ECM should 
compare actual energy consumption against the 
budget and the previous year's consumption. Such a 
comparison will be of direct assistance to the ECM in 
meeting the budget and effecting an overall energy con­
servation goal of 15 per cent. 
• Energy Advisory Committee. Building 
operators and department managers should be used on 
an energy committee chaired by the Energy 
Conservation Manager. Procedures for the operation 
of facilities should be developed by the committee. 
These procedures should then be implemented in all of 
the city's facilities. Monitoring the results can be ac­
com plished through monthly energy consumption 
reports, but periodic spot inspections are necessary to 
find non-adherence to the proper operation of the 
various facilities. 
Another important function of the energy conser­
vation committee is to give proper recognition where 
due. Some program to reward departments that show 
positive results should be implemented so that support 
for the program will be maintained. 
Results of successful energy savings efforts should 
also be communicated to other departments. If 
persona] pride is instilled into individuals involved in 
the program, greater results should be anticipated. 
• Energy Workshops. A major part of a 
continuing energy conservation program is the proper 
education of the people involved. The Energy 
Conservation Manager should encourage attendance 
at educational workshops on conservation techniques 
so that the latest information and ideas can be used. 
Various publications carry many examples of case 
histories and programs to save energy. Helpful sug­
gestions should be referred to the responsible building 
operators and managers so that they can use ideas ap­
propria te to their facilities. 
City employees may be an excellent source of 
information for conservation ideas. They work in city 
facilities daily and are most familiar with energy con­
servation opportunities which they encounter. 
Em ployee suggestion boxes or other suggestion 
systems should implemented where possible. 
Suggestions which cause significant savings should be 
recognized and/ or rewarded. 
ENERGY BUDGETING: CONCEPT & 
APPLICA TION 
Dollars are spent for energy in the form of a varied 
mix of fuel supplies to heat, light, and power a diverse 
group of municipal facilities. Compiling the total 
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annual costs by building and by department for all 
energy used from all sources - whether gas, oil, or 
electricity - provides a municipality with a useful 
insight into the structure of its energy uses and costs. 
The cost of energy will generally increase with the 
size of the community, with a corresponding increase 
in the potential annual dollar savings through energy 
conservation. Larger cities have greater flexibility to 
consider changes i n  the organization of their building 
management function, including the addition of 
specially skilled personnel, in order to achieve their full 
annual savings potential. 
A municipality beginning an energy conservation 
program may encounter some difficulty in retrieving 
and presenting energy cost data for specific buildings 
within a department. As part of a long-term energy 
management program, the municipality should 
consider modifying its budgeting and accounting 
procedures where necessary to build an information 
system that will support management action to reduce 
costs in buildings. Figure I illustrates the organization 
of a building management information system. This 
type of system ultimately would enable a municipality 
to identify total building energy cost as a line item in its 
municipal budget with back-up accounts on a 
departmental and building basis, including data on the 
cost and units of fuel consumed during a fiscal year. 
Data will need to be gathered for each of the city's 
utility accounts and for fleet vehicles. Billing and 
energy consumption (i. e.,  KW H usage, therms, or 
cubic feet) for each building will need to be obtained 
FIGURE 1 
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and posted for the most recent 12 months� or for the 
same series of months as the city�s fiscal year� 
whichever is preferred. Each month� current energy 
purchases will need to be added to the history and will 
be compared to the purchases last year. The Energy 
Manager, with this information, will be able to 
determine where more effort needs to be exerted to 
obtain the goals established. 
In order to fully develop a standard by which one 
building can be compared to another, more 
information that is contained in the basic report should 
be collected. The basic report provides information on 
the amount of energy purchased in various forms 
(electricity, natural gas, fuel oil, gasoline, etc.)� and the 
cost of each month's purchase. Each building must be 
analyzed to determine its square footage so that a 
measure of the energy used per square foot per year can 
be determined. This standard is called an Energy 
Utilization Index (EUI) and will provide a common 
base for comparing the overall energy efficiency of one 
building to another. 
WATER SUPPLY AND WASTE TREATMENT 
CONTROL FACILITIES 
Energy conservation opportunities vary consider­
a bly with the many different systems in use. In general� 
the systems are designed to provide water service for 
peak use periods, and are operated on that basis. Con­
sequently, peak K W demand loads are often created 
for short time periods which may result in billing 
demand charges which could be avoided. Each type 
system must be analyzed to determine the potential 
savings in operating costs through more prudent 
operation and control. 
More efficient design of systems should be utilized 
in all expansions and newly developed facilities. These 
newer facilities should consider use of better 
monitoring of power usage, water flow, and in 
treatment plants, the condition of processed water. 
High efficient motors and drives should be incor­
porated, along with maximum use of gravity flow and 
water storage capability. 
Utility rates should be examined annually to assure 
that the most economical rate is employed at each 
service point. Riders, such as off-peak, may allow for 
additional cost savings by changing the operation 
schedules. Consolidation of service points, if feasible, 
may result also in cost reductions in some cases. 
Water System Recommendations - (a) Water 
storage offers savings in electricity demand costs as­
sociated with pumping by allowing water to be pumped 
during off-peak hours. 
(b) Each system operation should be studied to 
assure efficient operation of facilities. Sometimes, due 
to system designs� operation of two pumps on a system 
does not double water output. It would be more 
efficient to use one pump for longer periods in these 
instances. 
(c) Filter plant installations should use K W 
demand monitors and peak demand controllers to 
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allow better scheduling of operations. Some functions 
may be deferred, and used to level the electrical loading 
at the facility. 
(d) Fuel-fired pumps, which exist in many instal­
lations as back-up units, may reduce annual cost if 
used to lower peak demand on the facility. 
Sewerage System Recommendations- (a) Sewage 
lift stations typically operate to handle peak water flow 
requirements. Many storm sewers dump into sanitary 
systems, and infiltration from sewage covers and 
system leaks cause unneeded peak loads and KWH 
consumption on the system. These storm water sources 
should be eliminated. 
(b) Water storage in wet wells and/ or allowing 
water to back up into lines for controlled storage can 
reduce peak demands. 
(c) Aerators at treatment facilities are major energy 
consumers. These often are allowed to run with little 
or no attempt from operators to minimize electrical 
demand or usage. Operators should be provided 
metering information from effluent quality and 
electrical consumption in order to level the electrical 
demands while maintaining acceptable effluent 
quality. 
(d) Waste sludge pumping and incineration may 
allow demand control by rescheduling these operations 
to off-peak hours. 
Overall, most water and sewage treatment 
facilities offer some potential for energy cost savings. 
Reviewing energy consumption patterns, and studying 
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rate schedules and operations may result in savings 
through reduced energy consumption. Some 
inefficient operations may be discovered through 
energy audits. Each individual system should be 
studied with emphasis placed on conservation of 
energy instead of peak water flow only. 
OUTDOOR LIGHTING 
Outdoor l ighting of streets, parks, and walkways 
cannot be considered solely an energy problem since 
lighting has been related to crime levels, especially in 
urban areas. Because street lighting uses only three­
quarters of one per cent of all energy used nationwide, 
safety and energy conservation both should influence 
street lighting decisions. Some communities responded 
to the energy crisis of 1973-1974 by deactivating 
portions of their street lighting; however, safety factors 
and the low level of energy savings caused most of the 
lighting to be reactivated within a short period of time. 
Although turning off lights is an effective means to 
dramatize the need to conserve energy, a more practi­
cal approach would be to design and install a system 
which efficiently meets lighting requirements, and 
maintains the system properly. 
General guidelines for communities seeking energy 
conserva tion opportunities in their street lighting 
include: 
• Consider public safety factors as well a 
energy savings before deactivating any 
street lighting. Consult with police and citi­
zens in any decision. 
• 
Improve or replace older, obsolete, or ineffi­
cient lighting. 
• Use efficient light sources for replacement. 
• Design future street lighting for maximum 
energy efficiency. 
• Maintain the lighting system properly to 
realize maximum illumination from equip­
ment. 
• Work to convert to efficient systems on an 
accelerated schedule, where possible, but 
consider the costs of replacing existing 
systems. 
The basic resource for designing street lighting to 
meet community needs is the American National Stan­
dard Practice for Roadway Illumination, sponsored by 
the Illuminating Engineering Society (lES) and the 
American National Standards Institute (ANSI). This 
standard includes recommendations of minimum 
levels of illumination for many different classifica­
tions of public streets. The energy use characteristics of 
the particular type of equipment used to meet the 
desired level of illumination must also be carefully con­
sidered. For example, mercury vapor lamps use about 
half as much energy as incandescent lamps, while high 
pressure sodium vapor lamps use about one-quarter as 
much to produce the same lighting levels. Since incan­
descent street lights represent about one third of the 
power usage of street lighting nationwide, there is a sig­
nificant opportunity to both improve lighting and 
conserve energy. However, care must be taken since 
simply putting in brighter luminaires could lead to 
more variations in lighting levels and less safety. The 
uniformity (ratio of average illumination to lowest) 
should be less than 6: 1 on residential streets and 3: 1 on 
arterials. 
Lighting decisions should not be made solely on the 
basis of the highest lumens per watt of the light source. 
The lamp and luminaire should be considered as a 
single unit since the efficiency ratio changes under 
some conditions from that of the lamp alone. Another 
factor to consider is the use of control equipment which 
is capable of dimming or deactivating some portions of 
the lighting system during off-peak hours. For night­
time recreation sites, such as tennis courts, light 
dimming equipment can reduce energy use when the 
site is not in active use. Playground lights can be coin­
operated so that users can activate them. 
The illumination level produced by the lighting sys­
tem is greatly affected by maintenance, since dirt can 
reduce the light output of a luminaire. Luminaires also 
are affected by wind and rain, and should be cleaned 
regularly. Lamps should be replaced regularly to main­
tain lighting levels. 
Other specific suggestions for more efficient 
lighting are listed below: 
• Phase out inefficient incandescent systems. 
Convert to mercury, metal halide and sodium 
light sources. 
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• Replace old poles with more efficient higher 
poles. This also increases unifonnity. 
• Replace ornamental lanterns or gio bes 
which have no optical distribution system. 
These units direct on ly 1 1  per cent of the light 
to the street while the remaining illumina­
tion causes glare or merely lights up the sky. 
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REPORTING RESULTS AND RECOGNITION 
One of the most important functions of the overall 
energy management program is the reporting system. 
All information should come through the Energy 
Conservation Manager's office from all sectors of the 
city's operation: department heads, accounting staff, 
maintenance personnel, and building occupants. 
A monitoring system will need to be established to 
audit energy purchases on a monthly basis. Posting of 
the billing data will allow each departmen t head the op-
COMPARISON OF TYPICAL LAMPS AND LUMINAIRES UTILIZED IN STR E ET LIGHTING 
MERCURY METAL HIGH PRESSURE LOW PRESSl·RF. 
OPERA TING CHARACTERISTICS VAPOR HALIDE SODIlJM SODIUM 
Rated watts 400 400 250 U5 
Total watts input (typical) 460 454 307 196 
Mean lamp output (lumens) 17,200 24,100 23.200 21.500 
Mean lumens per watt 37 53 76 110 
Light on street* 1.00 1.26 1.32 .70 
Light behind curb* 1.00 .98 1 . 15 1.79 
Light diffused upward* 1.00 1.14 1.02 1.35 
Color of light Bluish Pinkish Golden Y c Ilc)\\ 
White White Wh ite ( monochromatic) 
* Mercury vapor output used as base for comparison 
portunity to note unusual demands or consumptions 
appearing on their monthly statements. When 
approved, the information should be forwarded to the 
Energy Conservation Manager's office. 
In analyzing the billing data, it is essential that in­
formation reflecting weather conditions be con­
sidered. This information is available from the weather 
bureau as degree-day information. Other data, such as 
operating procedures and maintenance schedules, is 
needed to evaluate the cause of changes observed in the 
energy usage of a given building. Any unexplained in­
crease often may be traced to a maintenance problem 
which should be corrected. 
The energy manager should use positive results in 
the energy reports to promote and emphasize the con­
servation program. An award system can have finan­
cial awards or plaques and trophies given to the 
winners. When a building meets its energy conserva­
tion goal, everyone who had a part in attaining this 
goal should get the deserved credit. The initial an­
nouncement of the program and the rules and guide­
lines should be publicized wisely through in-house 
publications, staff meetings, and bulletin boards. Also, 
every community resource should be used to make the 
program highly visible to the general popUlation. To be 
successful, the program needs to give publicity to not 
just the community, but the individual buildings and 
the particular persons instrumental in reaching these 
desired results. 
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COMMISSION ON ENERGY 
I 
/ 
/ 
A Commission on Energy should be created as an 
official arm of the city government by resolution of 
the governing body. Appendix II is a model resolu­
tion for this purpose. 
The members of the Commission on Energy 
should be appointed for a term of at least one year, 
and preferably no longer than three years (to involve 
more people), should number at least five but no 
more than fifteen, and should be representative of 
the community. It is extremely important for the 
members to be interested in and enthusiastic 
about energy conservation. It also is recommended 
that some members have technical background, 
such as plant engineers, science teachers, heating 
and cooling dealers, so that technical problems can 
be better understood and dealt with by the com­
mlsslon . 
The general objective of the Commission on En­
ergy is to encourage the community to reduce en­
ergy consumption, perhaps by a stated percentage 
on an annual basis. Because of the general increase 
in economic activity each year such reductions may 
be difficult to measure except on a per capita basis. 
Most utilities are able to provide data in this man­
ner (e. g., average annual KWH consumption by 
residence ). 
Summarizing the broad functions of the Com­
mission on Energy: 
I) To establish specific energy conservation ob­
jectives for the community. 
2) Develop community awareness in energy con­
servation. 
3) Study energy consumption patterns and prob­
lems affecting the community. 
4) Recommend local energy policy and programs. 
5) Monitor the city's energy management pro­
gram. 
Specific details of the responsibilities and pro­
posed activities of such commissions will be ex­
plained further in workshop materials. 
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WORKSHOPS AND 
TECHNICAL ASSISTANCE 
The p urpose of t he workshops is to provide local of­
ficials with an overview of ene rgy conservation pro­
grams and their relationship to the State Energy 
Conservation Plan and national energy efforts, and 
to provide local officials with information on energy 
conservation opportunities in municipal facilities 
and operations and t he community in ge neral . 
Regional workshops will be conducted i n  selected 
locations around the state within convenient  com­
muting distance of the participating cities. They 
will be less t han one day in length and should not re­
q uire any overnight travel by participants. 
There will be two types of workshops : 
1 )  For elected officia ls and members of energy 
commissions (dealing generally with the 0 bjec­
tives of an e nergy program at the community level 
and the particulars involved in implementing the 
program). 
2) For city employees (more technical in nature 
-on such matters as auditing and management 
of specific city facilities and operations).  
These workshops will be conducted by the Uni­
versity of Tennessee's Center for Government 
Training a nd an effort will be made to obtain work­
shop leaders who will be competent to answer 
technical questions . By attending the workshops 
and using the printed information , city officials will 
be assisted significantly in implementing an ef­
fective energy management program. 
A P PEN D I X  I 
M O D E L  STAT E M EN T  O F  POL I C Y  ON EN E R G Y  C ON S E R V ATION 
BA CKGROUND 
Prior to 1 973 ,  c i t izens of t he C i ty of 
e njoyed p lent i fu l  a n d  i nexpens ive ene rgy s u p p l ies . Si nce t he n .  
our  depe ndence o n  foreign ene rgy supp l ies h a s  grown w h i le 
t he ass ura nce of meet ing our need s fo r e ne rgy has d im i n ished . 
It has. the refo re .  become i ncreas i ngly i m po r ta nt t o  o pt im i/e 
t he use of ex ist ing s u p p l ies of ene rgy as we ll as to see k a lte r­
nate e ne rgy s o u rces . 
PURPOSE 
The cit izens of the Ci ty of req u ire 
an adeq u ate and re lia b le s u p p ly of energy. Sh ortages of energy. 
such as  have been exper ienced recent ly. wi l u nd o u bted l y  be re­
peated in t he fut u re a nd may become mo re seve re . Such s ho rt­
ages nega tive ly affect t he l oca l eco n o m y  and ha m per t he de­
l i very of esse n tia l p u b l ic se rvices. It is t herefore necessa ry t hat  
guide lines for the c o nse rva t io n of ene rgy be establ is hed by t he 
City.  wit h i n  t he areas of i ts a u t h o ri t y . so t h a t  opt i m um use i s  
made of a va i la b le energy s up p l ies . 
POLI C Y  
The extent of t he C ity's im pact on e ne rgy conse rvat io n 
varies with t he degree of i ts author i ty  i n  s pec ific  a reas of e n­
e rgy cons u m ption.  The p o l icy of t he Ci ty in these a reas is as fol­
lows: 
A .  City Operations 
1 .  Bud geting 
It  is t he pol icy o f  t he City to budget t he a m ou n t  of energy 
for each fac i l i t y .  de pa rt me n t .  a n d  ope ra t i o n  at t he begin­
n i ng of each fisca l yea r .  
2 .  Purc hasing 
I t  i s  t he pol icy o f  t he City t hat i n  the purc hase of e q u i p­
me n t  a n d  materia l s .  t he l o n g-range potent ia l  for ene rgy 
sav ings s ha l l  be eva l ua ted in a d d i t ion to t he i n it ia l c ost . 
3 .  Construct ion 
I t  i s  t he pol icy of  t he Ci t y t hat specifica t io ns for p u b l ic fa­
c i l i t ies be co nt i n ua l ly reviewed so t ha t  t he m ost c u rre n t  
energy co nserva t io n tech n i q ues.  materia l s .  a nd a pp l i­
a nce s a re u t i l i zed i n  t heir  cons t ruc t io n . 
4. Bu ild ing Maintenance a nd O perations 
I t  is t he po l icy of t he Ci t y t hat a l l  its b u i l d ings w i l l  be 
mainta ined a n d  ope ra ted i n  such a fas h ion t ha t  t he m in ­
i m u m  a mo u n ts o f e nergy a re consumed . Bu i ld ings s ho u ld 
not be heated a bo ve 68 degrees F. n o r  coo led to red uce t he 
tem perat u re t he re i n  be l ow 78 degrees F. 
5. Vehicles 
I t  i s  t he pol icy of t he City t o  ut i l ize ve h icles wh ich con­
sume t he least a m o u n t  o f  energy for t he nat u re o f  wor k 
t hey a re to perfo r m .  a n d  to mainta in  and operate t hese 
veh icles in such a man ne r  as  to i nsu re m ax i m um e nergy 
conse rving performa nce . To the extent pract ica l ly feasi­
b le .  City e m p loyees w i l l  ut i l ize a lternatives (te leph one, 
mail ,  etc . )  t o  ve h icles in t he pe rfo rmance of t heir  wo r k .  
6 .  Solid Waste Management 
I t  is t he po l icy of the Ci t y to act ive ly prom ote s o l id waste 
energy conse rva t io n  systems . 
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7. Innovative Projects 
It is t he pol icy of t he City t o  pu rsue the i n n ovat ive a p p li ­
cat ion of n e w  e ne rgy sou rces (e .g . ,  s o la r  e nergy) a nd tech­
n iques in t he provis ions of its  regu lar m u n ic ipal  funct ions .  
B .  City Regulated 
1 .  Urban Development 
It is the pol icy of the Ci ty to foster patterns of u r ba n  deve l­
opment that min im ize ve h icula r t rave l ge nerated with­
out  significant ly  i m pa ir ing the City's a b i l ity  to funct ion,  
or  t h e  qua l ity  of l i fe prese ntly exper ienced by res id e nts 
and vis i tors .  
2. Transportation 
It is t he policy of t he City t hat programs be deve l o ped i n  
c o o perat ion w ith ot her govern mental  age ncies,  as we l l  
a s  t he pr ivate sector,  t hat w i l l  provide s a fe a n d  energy­
efficient t ransp ortat ion within the regio n .  These pro­
grams shall  c o ns is t  o f, b ut n ot be l i mited to,  the fol l o w in g :  
a )  Ca rpoo l programs 
b )  No n-m oto rized t ranspo rtation programs 
c )  Traffic signal c o o rd i n at ion programs 
d )  E l i m inat ion of ene rgy cons u m i ng traffic flow restr ic­
t ions 
e) A p p l icat ions o f  i n n ovative t raffic opera t i o n  tech­
niques 
f) Reduct ion i n  street  l ight ing e n e rgy cons u m ption 
without  detr ime nta l ly a ffect i n g  publ ic  safety 
g) Tra ns it deve lopment  pr ogram s 
3. Building Code Rev isions 
It is t h e  pol icy of t he City to cont in u a l ly eva luate a nd u p­
date t he Bui ld ing Code so th at the most curre nt e nergy 
co nse rvat i o n  tec hn iques,  materials a n d  appl ia nces a re 
ut i l ized in the const ruct i o n  of bu i ld i n gs by t he p r ivate sec­
tor ,  keeping i n  mind t he goal of provid ing housing at  t he 
l owest pos s i b le c o s t .  
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C. Indirect Influence 
I .  Legislation 
It is the po l icy of the City to su pport state a nd federa l  leg­
is lat ion to conserve energy , whi le at the same t ime at­
tempting t o  preserve the qual i ty  of l ife o f  t he c i t ize ns of 
the City.  
2 .  Lighting on Private Property 
a) Signs 
It is the pol icy of t he Ci ty to encourage the modera te use 
o f  sign i l l u m i na t io n .  
b) Ornamental 
It i s  the  p o l icy o f  t h e  City t o  encourage red uced use of 
o r name ntal l ight ing.  
3 .  Heating and Cooling 
It is the p olicy of t he Ci ty to u rge c i t izens not to heat 
homes or  bui ld ings above 68 degrees F, nor to provide 
cool i ng t o  red uce temperatu res t he rein be low 78 de­
grees , F, except w here other tempe ra t u res a re neces­
sary for health or  safety reas o n s .  
4 .  Automobiles 
I t  is the poL icy of the City to encourage its c i t izens  to 
l imit  the n on -e sse nt ial  use of automob iles and t o  use 
mass transit  o r  other fo rms of energy-efficie nt trans­
portat ion whe neve r pos s i b le .  I n  l ie u o f  vehicles ,  a lter­
nate modes (te lephone,  ma il , etc . )  a ls o  s h o uld be con­
s idered . 
5. Public Education 
I t  is the  pol icy of t he City t o  c reate a Co m m iss ion o n  En­
ergy to act ive ly promote the  d isse m inatio n of e nergy 
co nse rvat ion i nfo rmation t o  the cit ize n s  of the Ci ty and 
to encourage i m p leme ntat ion of ene rgy sav ings pro­
gra m s .  
A PP EN D I X  I I  
M O D E L  R E SO LUTION 
W H E R E A S, t h e  c it ize ns o f  
req uire a rel ia b le a nd adequate supply of energy, a nd 
W H E R E A S ,  t he conservat io n  of ene rgy is a matter of ur­
ge nt concern at the loca l ,  state and nat ional  leve l  of govern­
ment,  and 
W H E R E A S ,  t he M ayor a nd governing body of ____ _ 
wish to ta ke necessary and pract ical ste ps to conserve energy, 
N O W ,  TH E R E FO R E , BE I T  R E SOLVE D t hat :  
I .  A Co m m issio n on Energy shal l be appointed by t he 
Mayor, to be confirmed by the gove rning b ody,  t o :  
a )  Esta bl ish energy co nservation goals for t he co m m u­
nity 
b) Deve lop co m m un ity awa reness in energy conserva­
t ion 
c )  Study energy consum ption patterns and problems af­
fect i ng t he com m u n ity 
d) Recommend loca l e nergy po l icy and progra ms 
e)  Mo nitor t he ci ty's energy management progra m .  
The Commission s ha l l  report on i t s  act ivit ies o n  a quarterly 
basis to t he Mayor and gove rn ing bod y. 
2. The Comm iss ion on Energy sha l l  cons ist of ____ 
_ 
mem bers who wi l l  be appo inted fo r a term of ____ _ 
yea rs. The Mayor sha l l  esta b l ish a pat tern of stagge red 
terms by in i t ia l  app ointments fo r va ria ble yea rs so that 
as  nearly as practica b le an eq ual num ber of  terms w i l l  
exp ire eac h yea r .  T h e  Co m mission s h a l l  e lect a Chairma n ,  
Vice Chairma n a nd Secret ary fro m  a m o n g  i t s  mem bers .  
BE IT FU RTH E R  R E S O L V E D th at the  Ci ty requests other 
orga nizat ions,  such as t he Pla n n ing Co m m iss io n .  the  I nd u s­
trial Deve lopment Co rporat ion ,  Ci vi l Defense. ed ucat ional  i n ­
st i tut ions,  and other agencies to coope rate ful ly with t he Com­
m ission on Ene rgy in  deve loping an effect ive conse rvation 
program for , and that  a l l  appropr i­
ate orga n izat ions be adv ised of t he creat ion of t h e Comm is­
sion and t he po l ic ies of t he City on ene rgy by co pies of  t h is 
Resolut ion .  
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APPEN D IX I I I 
DIR ECTO RY OF FEDE RAL AGENCIES RELATED TO E N E RGY CON S E R VAT ION 
Regiona l  Office 
U . S . Department of H U D  
Room 2 1 1 Persh i ng Point Plaza 
3 1 7 1  Peachtree St reet,  N E  
At la nta, G A  30303 
404 / 526-352 1 
Sout heastern Federal  Regional Counci l  
1 0 1  Marietta Tower S u ite 2 1 2 1  
Atlanta, G A  30323 
404 / 22 1 -4 1 62 
U . S .  Department of E nergy 
1 655 Peachtree Stree t ,  N E  
Atla nta, G A  30309 
Eco nomic Develo p me nt Administ rat ion 
1 365 Peachtree St reet, N E  
Atla nta, G A  3030 3 
404/ 656-3545 
Environmental Protect ion Agency 
Reso urce Recovery Division 
1 835 K Street, N W  
Was h i ngto n ,  D C  20006 
202/ 386-6 \ 02 
Federal Power Co mrnis� ion 
U nion Center Plaza , 825 N . Ca pitol  St NE 
Washington , DC 20426 
202/ 386-6 1 02 
General Services Ad m i n istration 
Federal S u pply Service 
1 8t h  and F Streets, N W  
Was h i ngton. D C  20406 
General Services Ad m i n istrat ion 
Publ ic Bui ld ings Service 
1 8t h  and F Streets, N W  
Was h i ngton, D C  20406 
Department of the Inte rior 
Office of Coal Research 
2 1 00 M Street, N W 
Wash ington,  DC 20027 
02 / 343-5 594 
Depart me nt of Transportation 
400 Seventh Street, S W  
Washingto n,  D C  20590 
Energy & Environment Div ision 
202 /427 -2022 
U rban M ass Transportat ion Ad m .  
Resea rch Dev. & Demonst ration Programs 
202/ 426-4043 
U r ba n  Planning Divis ion 
Federal H ig hway Ad m i n istrat ion 
202 / 426-02 1 0  
Nationa l  Science Fo undation 
1 800 G Street ,  N W 
Was h ington,  DC 20550 
Office of Public Technology Programs 
202 / 632-4 1 75 
Divis ion of Advanced Energy Research 
& Technology 
202/ 63 2-9793 
Office of Systems I ntegration & An alys is 
202 / 63 2-4032 
Law Enforceme nt Assista nce Ad m i nistrat ion 
E merge ncy Energy Comm ittee 
633 I nd iana Ave n ue ,  N W  
Wash ingto n ,  D C  20530 
202 / 386-455 1 
National Burea u of Stand ards 
Ce nter for Bui lding Tech no logy 
B u ild ing 226 , R oom B-244 
Washington. DC 20234 
30 1 / 92 1 -3 3 7 7  (Gaithersbu rg.  M D ) 
Nationa l Burea u of Standa rds 
Nationa l Confere nce of States on Bu i ld ing 
Codes a nd Sta nda rds 
B u il d ing 226 
Was hington , DC 20234 
202 / 92 1 -3447 
Oak Ridge National La boratory 
Energy Division 
Post Office Box X 
Oak Rid ge. TN 3 7 830 
6 1 5 / 483 -86 1 1  
Com m u nity Services Ad m i n istrat i o n  
Sout heastern Regional Office 
1 0  I M a r ietta Bui ld ing 
At lanta, G A  30303 
A PPEN D I X  IV 
GLO S SARY OF TER M S  
A I R  ECO N O M lZ E R - A  simp le device that i m proves system 
operat ions ; it continuously monitors the outdoor comfort 
?One by d raw ing air i n to t he mech an ical unit  from t he out­
side I nstead o f  t hrough the retu rn  air  system.  
BA LLAST -A device u sed i n  a st arting circ u it for  fluoresce n t 
a nd ot her types of lam ps . 
BAR RELS ( BBLS)-O ne barrel eq ua l s  4 1  gallons . 
BI O M ASS -The total  mass or amount of l iv ing o rga n isms in a 
particular area o r  v olume . 
BOILING-WATER R EA CTOR ( BWR)-A ty pe of n uc lear 
power reacto r  in which t he steam produced by water fl owing 
t h rough the core is used to d rive a turb ine d irect ly .  
B R ITISH T H E R M A L  UNIT (BTU)-The am ount of  energy 
necessary to raise the temperatu re of I pound of water by 
1 °  Fa hre n he it at or  near 3 9 . 2° F. 
B U I L D I N G  EN V E L OPE-The exposed su rfaces of a b uilding ex­
cept o penings for w indows, s k yl ights, and doors . 
CO A L-A solid.  combustible.  o rga nic mater ia l formed by t he 
deco mp osit ion of vegetab le material without free access t o  
air .  
COAL G AS-An a rt ificial  gaseous fuel produced by heat ing coa l 
in t he absence of oxyge n .  This fuel, known as town gas, can 
s u p p ly about 450 BTU per stand ard cubic foo t .  Use of coa l gas i n  
the U n ited States ceased when inexpensive natura l gas be­
came widely ava ila b le . 
C R UDE O I L- Petro leum liquids as t hey come from t he g round.  
Petroleum liq uids were formed from animal  a nd vegeta ble 
mate ria l which col lected at  t he bott o m  of a ncient sea s .  
D E G R E E  DAY -A u n it rep resent ing o n e  degree of decl ination 
fro m  a standa rd tem perature on the ave rage tem perat ure 
of o ne day, used i n  dete r m in in g  fuel req u i reme nts . 
D E H U M I D I F Y -To remove moist u re from the air .  
ENER G Y -Ene rgy is  the capacity fo r doing wo r k .  and therefore . 
ene rgy and work are measu red in the sa me un its. Common ly 
used u nits of work a nd energy are the J O U le .  BTU ,  calor ie , foo t­
pound, e lectron vol t , wa tt-h o u r, and ki l owatt-hour ( kw h ) .  
E N E R G Y  E F F I CI ENCY RATIO-Ope rating efficie ncy of t he 
eq u ipment ( E E R ) .  
F LA T  PLATE CO L L ECTOR - Used for the co llect ion of solar 
radiation;  consists of a n  absorber plate an d working flu id 
which passes t h rough o r  near the a bso rber plate and t h en is 
tra nsported to poi nts of u se or storage. 
FOOT C A N D L E -A meas ure of i U u mination p roduced on a sur­
face a l l  points of which a re one foot from a d irec t i o na l ly 
uniform point . 
FOSS I L  F U E LS -F ue ls d ug from the eart h ,  i . e . ,  coal ,  petrole um. 
and natura l  gas.  
FUEL C EL L-A device i n  which hyd rogen i s  fed to an e lectrode 
where i t  is  cata lyt ica l ly converted t o  hyd rogen ions, releasing 
electrons to flow through an ext ernal circuit  ( the l oad) .  The 
electrons flowing th rough the exte rnal circuit  co nst itute an 
e lectro nic current . Whe n they retu rn  to anot her e lectrode in 
the fue l ce ll they com bine with oxygen atoms which i n  turn 
migrate t o  t he first electrode and unite wit h hyd rogen io ns 
to for m  water .  The process is ,  essent ia l ly ,  the reverse of elec­
trolysis. 
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FUEL OILS-Fuel o ils are the pet roleu m fractions with a h igher 
boiling range than kerosene . They are genera lly c lassified as 
d isti l lates or residuals . Dist i l lates (Nos. I ,  2, and 4) are t he 
lighter oils used primar ily for cent ral  heating of homes, s mall  
a pa rtment houses, co mmerc ial buildings ,  and for transpo r­
tat ion.  Resid uals ( N o s .  5 and 6), often cal led bunker oils,  are 
heav ier ,  h igh viscosity oils which u su al ly need to be heated be­
fore they can be pu mpe d .  They a re u sed i n  i nd ustry, large 
commercial bulildings, a nd fo r the generation of e lectric ity . 
G EOTHE R M A L  E N E R G Y  - Heat energy in the crust of t he 
earth believed to have been produced by natural rad ioactivity . 
The t hermal gradient of t he earth's crust is such t hat  the tem­
perat ure i n  a deep well or mine inc reases by about 1 ° F  for 
each 1 00 feet of depth . At a place whe re the average s urface 
temperature is 50° F a tempe rature of about 2 1 2° F could be 
expected at a depth of about 1 6,000 feet .  
HEAT E X CH A N GE R-A device for transferri ng heat e nergy to 
a cooler medium fro m  a warme r one .  
HEAT PU MP-Uti l izes refrige ration equipme nt to achieve 
desired tem perature leve l ;  removes heat from outdoor ( in­
door) a ir to heat (cool) t he indoor envi ron ment.  
HEA T REFLECTIV E  G LA SS-Glass coated with a meta l lic 
fi l m .  Heat reflective glass can reduce solar gains by as m uch 
as 90 per cent over ord inary glass. 
HV A C -Abbreviation for heat ing, vent i lat ing, a nd a ir-con­
d ition ing syste m .  
H Y D R OE LECTRIC- Produci ng, or having t o  d o  w i t h  t he pro­
duction of e lectr ic ity by wate r powe r  or by t he fr iction of wa­
ter or stea m .  
I NFILTRATIO N -The leakage o f  a i r  into a b uilding 
through c racks around do ors, windows,  etc.  (usua l ly u ndes ir­
a ble) .  
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IN S U LATIN G  G LASS-Glass co mposed of double panes sand­
wiching an air  space . Insulating glass has a pprox imately 
twice the t he rmal resistance of single pane c lear glass.  
KER OSEN E-The petroleum fraction conta in ing hydrocar­
bo ns t hat a re s l ightly heavier than those found in gasoline a nd 
naptha ,  with a boiling range betwee n  1 80 and 300° C .  Used 
today as fuel for gas turbines and jet engines .  
KILOWA T T  ( KW)-The unit o f  powe r equal t o  1 00  watts.  
Roughly a power of I kw i s  capable of raising t he temperature 
of a pound ( pint) of water 1 ° F in one second . 
KILOWATT-HOUR (KWH)-The a mount of work or energy 
delivered d uring the steady consu mption of I k i lowatt of 
power for a per iod of I hour. 
LIFE CYCLE COSTIN G -The analysi s  of an i nvestment over 
its eco nomic or useful l ife, based on the present  value con­
ce pt .  
LI QU EFI ED NATU RA L  GAS (LNG)-Natu ra l  gas  t hat has 
bee n  cooled to a bout - 1 60° C for storage o r  sh ipment as a 
l iquid .  Liquefaction greatly reduces the vo lume of a gas and,  
thus,  the cost  of shipping a nd sto rage is red uce d .  
LIQUEFIED PETRO L E M  G A S  (LPG)-Consists of propa nes 
and buta nes recovered fro m  nat u ral  gas and in petroleum 
refining. Its energy content  ra nges bet ween 2,000 a nd 3 ,500 BTU 
per s ta ndard cubic foot. Sometimes cal led "bott led gas ."  Used 
widely as a fue l  for i nterna l com bust ion engines when p ollution 
m ust be m in i m ized and as a substitute for natu ra l  gas in areas 
not se rved by pipelines. 
M E G A  WATT ( MW-A unit of power equal to 1 000 k i lowatts 
or I m ill ion watts .  
N APTHA-A petroleum fraction with a bo il ing point ranging 
from 1 25° t o  240° C. Its princip le uses are i n  solvents, pa int  
thinners, and as a raw materia l for t he production o f  o rga nic 
chem icals.  It is ex pected t o  be used mo re and more as a raw 
material  for t he p roductio n of synthetic natural gas .  
N ATU R A L  G A S- A  gaseous fossil fue l  u su a l ly fo und ass ociated 
with oil.  It is  made u p  of a bout 60% to 80% methane, 5% to 
9% ethane, 3% t o  1 8% p ropane, and 2% to 14% heavier hyd ro­
carbons. Some nonhydrocarbons such as nitroge n, carbo n d i­
oxide,  a nd hydroge n s ulfide are some t i mes presen t .  Propane 
and t he heavier hydrocarbo ns are usua l ly removed and sold 
as l iq uefied petroleum gas . Pipeline na t u ral gas is princ i pa l ly 
methane and has an e ne rgy content of 980 t o  1 050 BT U pe r 
s tandard cubic foot. 
O I L  S H A L E -A sed ime ntary rock which contains a n  oi l-yie ld­
ing o rga nic material ca l led kerogen.  When heated , oi l  shale 
may y ield as much as 60 gallons of oil per t o n  of r oc k .  
PASS I V E  S O LA R SYSTE M - U ses so lar energy alone for t h e  
t ra nsfer of t hermal e nergy_ 
PH OTOSYN T H ES I S-The p rocess in which s u nl ight fa l l i ng on 
green plants causes carbon d iox ide and water to be c onverted 
into more complex o rga nic mater ia ls such a s  glucose . 
P H OTOVOL TA l C  C E L L-A type of sem icond uctor device i n  
w h ic h  t he a bsorption of l ight brin gs a b o u t  a separation o f  
electric c ha rges.  S u c h  a separation produces a voltage which 
ca n be used t o  set up a n  e lectric cu rre nt in a n  external c ircu it,  
t hus, d irect ly convert ing rad ian t  ene rgy to e lectrical  e nergy. 
M a te rials w h ich can be used in the co nstruct ion of p hoto­
volta ic cel ls are si l icon, cad m i u m  s u lfide, a nd ga l l ium 
a rsenide. 
POWER-The rate at which work i s  done;  t herefore, t he rate 
at which e nergy is t ransferred . Powe r i s  measured in units of 
work per uni t  of t ime.  Ty p ical units are t h e  watt a nd t he 
horsepower. 
PUMPED H Y D R O E L EC T R IC STO R A G E-T he only means 
now avai lable for t he large-scale sto rage of electr ical e nergy . 
E xcess e lectricity p rod uced d uring periods of l ow demand is 
used to p u m p  water up to a reservo ir .  Whe n demand is h igh 
the water is released to o pe rate a h yd roelectric generator .  
Pu m ped e nergy s torage re turns o n ly about  66% o f  the e lectri­
ca l energy put i nto i t ,  but costs less than an equ iva le nt  ge ne ra­
ating capacity.  
Qll AD -Quadril l ion Btu;  one mil l ion b i l l i o n ;  1 0 1 5 •  
R V AL U E-The res is tance o f  a material to heat tra nsfer.  
R ET R OFI T -A cha nge i n  design,  construct i o n ,  or  equ ipment 
a l ready in opera t io n ,  in order to inco rporate later i m pr ove­
ments .  
S OL A R  WI N D O W-The sun's path between certa in h ours t hat 
fo rms l im its for u sefu l so la r  col lect io n .  
STA N D A R D  C U B I C  F O O T  (SCF)-The amount of ga s c ontain­
ed i n  a volume of I cubic foot under a pressure of I atm os­
phere ( 14 .73 pounds per sq uare inch) at a tem pera t u re of 
60° F .  
S Y N T H ET I C  NA T U R A L  GAS (SN G )-A gaseous fuel manufac­
t u red from naptha or c oa l .  I t  contains 95% to 98% methane, 
and has an energy content of 980 to 1 035 BT U per standard 
cubic foot, a bout  that of natura l  gas.  
T H E R M A L  I N S U LATI ON-Re sist ance to hea t flow; material 
used t o  res is t  the flow o f  heat th ro ugh a bui ld ing'S wa l ls ,  
flo or, and roof. 
T H E R M A L  R ESISTA N CE -The abi l ity to res ist the flow of 
heat. 
W ATT ( W )-A un i t  o f  p ower eq ual to t he transfer of 1 j o u le of 
e nergy pe r secon d .  The watt i s  the unit of power most often 
associated with e lectric ity ( I  h orsepo wer = 746 watts). 
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C O MMONLY USED A BBREV I A TIO N S  
bbls -barrels (a barre l conta ins 42 gal lo ns) 
kw-kilowatt 
kwh k il owatt-h our 
mcf- I ,OOO cubic feet (of gas) 
mw -- megawatt , I mi l l io n  wa tts 
Btu -Brit is h The rm al U n it 
t herm-a uni t  of energy used fo r na tural gas equal to 1 00 ,000 
Btu 
Numerical abbre viat ion :  Very often you will see e nergy 
expressed in numerical for m -e.g . ,  1 06 Btu .  Th is is a conven­
ien t  way of express ing t he large numbers such as  mi l l ions ,  
b i l l ions, or  eve n quadri l l ions involved in measuring energy, 
i nstead of using many ze ros . It is i n  a for m u la wh ich i nd i­
ca tes t he mUlt i p les of 1 0  used to arrive at these large n u m bers . 
Fo r example : 
1 ,000 = 1 0  X 1 0  X 1 0  = 1 03 
1 ,000,000 = 1 0  X 1 0  X 1 0  X 1 0  X 1 0  X 1 0  = I On 
E N E R G Y  CO N V E R SION TABLE 
To Convert From To 
k ilowatt-hour Btu 
I ton b itum inous coal Btu 
I bbl crude o i l  Btu 
I bbl  residual o i l  ( N o . 5 )  Btu 
I ga l lon gaso l ine Btu 
I ga l lon No. 2 fuel o i l Btu 
I cubic foot natural gas Btu 
I Mcf natural gas Btu 
I therm natura l  gas Btu 
I Btu Kwh 
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Multiply by 
3 ,4 1 2 . 8  
26 ,200,000 
5 ,600,000 
6 ,290 ,000 
1 25 ,000 
1 38 ,800 
1 ,03 1 
1 ,03 1 ,000 
1 00,000 
0.000293 
APP EN D IX V 
H I STO R I CA L  ENERGY CONS U M PT ION PATT E R N S  
P E R C E N T  P E R  C E N T  P E R  C E NT P E R  C E N T  PE R C E � l  
Y E A R  FU E LW O O D  C O A L  N A T U R A L  G A S  H Y D R O PO W E R  N U C I . E A R  
1 860 8 3 . 5  1 6 .4 0 . 1 
1 880 5 7 .0 4 1 . 1  1 . 9 
1 900 2 1 . 1  7 1 . 3 5 .0 2 . 6  
1 920 7 . 5  7 2 . 8  1 6 . 1  3 .6  
1 940 5 . 3  50 . 1  40 .9 3 . 7  
1 950 3 . 3  3 6 . 7  5 5 . 9  4 . 1 
1 969 2 2 . 8  7 3 . 5  3 . 7  
1 970 1 8 .9 7 6 . 8  4 . 0  0 . 3  
1 9 75 1 8 . 2  74.6 4 . 6  2 .6 
1 97 6  1 8 .6 74 . 5  4 . 2  2 . 7  
Sources: Bureau of Census; Burea u of Mi nes. 
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DO M E STI C E N E R G Y  CO N S U M PT ION BY E CONO M I C S ECTO R 
CO M M E R C I A L  
Y E A R  R E S I D E N T I A L I  
1 9 50 22 . 3  
1 9 5 5  2 1 . 6 
1 959 2 2 . �  
1 96 1  22 .9  
1 962 23 . 1  
1 963 2 2 . 3  
1 964 2 1 . 7 
1 965 2 2 . 2 
1 966 2 2 . 0  
1 96 7  2 2 . 3  
t 96� 2 1 . 2 
1 969 20 . 9  
1 9 70 20 . �  
1 9 7 1  20 . 7  
1 9 7 2  20 . 3  
1 9 7 3  1 9 . 1  
1 9 74 1 9 . 1  
1 9 75 1 9 . 2  
1 9 7 6  20 . 2 
I D oes not  inc lude e lectricity . 
2Distributed throu ghout o t her sect o rs .  
P E R C E N T  O F  TOTA L 
T R A N S-
I N D U STR I A L I  PO R TA T I O N I 
3 6 . 3  2 5 . 3  
3 5 . 2  24 . g  
3 2 . 9 24 . 3 
3 2 . 3 24 . 2  
3 2 . 2 24 .0 
3 2 . 3  24 . 3 
3 2 . 6  23 . 9  
3 2 . 2  23 . 8  
3 2 .0 23 . 6  
3 1 . 3 24 . 1  
3 1 . 4 24 . 5 
30 .9  24 . 3  
30 . 1  24 . 6 
29 . 1 24 . �  
28 . 5  25 . 1  
28 .6  25 . 3  
2 7 . 9 25 . 3  
2 5 . 4  26 . 3  
25 .4 2 5 . 6  
Sources : Bureau o f  Mines, 1 9 50- 1 975;  F E A ,  1 9 76. 
E L E CT R I C I TY M I SC E L L A f\: EO U S  & 
G E N E R A T I O '\  U N K N O W '1 1  
1 4 . 7 1 . 4 
1 6 . 6  I . X 
1 1< . 5  1 . 5 
1 � . �  u\ 
1 9 . 2  1 . 5 
1 9 . 6  1 . 5 
20 . 3  1 . 5 
20 . �  1 . 0 
2 1 . 4 I . ( )  
2 1 . � 0 . 5  
2 2 . 5  0 . 4  
23 . 5 0 , 4  
24 . 2 0 . 3  
2 5 . 1  0 . 3  
2 5 . 1<  0 . 3  
26 . 6  0 .4 
2 7 . 4  ( ) . 3  
2 � . 7  0 .4  
2 1< . �  ( 2 )  
TOTA L D O M E ST I C  EN E R G Y  P R OD U CT I O N  
P E R  C E N T  O F  TOTA L *  
YEA R C R U D E O ] l' COA L 
1 950 33 .3  42 . 7  
1 9 5 5  37.0 32 .6 
1 960 35 .3  26 .8 
1 96 1  35 .9  2 5 .4 
1 962 3 5 . 3  25.5 
1 963 34.2 26 . 5  
1 964 32.9 27 .0 
1 965 3 2 .4 27 .3 
1 966 32 .6  26.7 
1 967 33 .0  25 .9  
1 968 32.9 24 . 7 
1 969 32 .2  24 . 2  
1 970 3 1 . 9 24 . 5  
1 97 1  3 1 . 7 22.4 
1 97 2  3 1 . 2 23 .4 
1 97 3  30.6 23 .3 
1 9 74 30 .3  23 .9 
1 9 7 5  29 . 5  25 .6 
1 976 28 .8  26 .4 
I I ndudes lease co nde nsa te, e xcludes natu ra l gas p lant l iq u ids .  
2Wet na t u ral gas . 
JLess tha n  o ne-tenth of o ne per ce nt .  
N um bers wil l  not add up to 1 00 due to round ing. 
Source:  Department of the Interior. 
M A R K ETE D 
N ATU R A L  G A S" 
1 9 . 9 
26 .9 
34 .0  
34 . 8  
3 5 .0 
35 .4 
36 .0 
36 .0 
36.6 
36.6 
38 . 1  
38 .9 
38 .9 
40 . 7  
39 .9 
40 . 1  
38 . 7  
36.6 
36.3 
H Y D R O E LE CT R I C  
PO W E R  
4 . 1 
3 . 5  
3 .9 
3 .9 
4 . 1 
3 .8 
4.0 
4.2 
4 .0 
4 . 3 
4. 1 
4.5 
4.2 
4 .6 
4.6 
4.6 
5 .2  
5 .3  
5 . 1 
N U C L E A R  
PO W E R  
( 3 ) 
( 3 ) 
0. 1  
0. 1 
n. 1 
0 . 1 
0 . 1  
0 . 2  
0 .2  
0.2 
0.4 
0. 6 
0. 9 
1 . 4 
2.0 
3 .0 
3 .4 
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U . S .  OIL I MPO RTS 
O P EC 
TOTA L '  TOT A L  TOTA L2 TOTA L I M POR TS-' 
I M PO R TS C R U DE P R ODUCT ( P E R  CENT (% O F  A L L 
Y E A R ( M B BL / D )  ( M BB L / D) ( M BBL / D) O F D E M AN D) I M PO R TS) 
1 960 1 . 8 1 .0 0 . 8  1 9 . 8  7 1 .9  
1 96 1  1 . 9 1 .0 0 .9 1 9 .5 67 .0 
1 962 2 . 1 1 . 1  1 .0 20 .3  60 . 7  
1 963 2 . 1 1 . 1  1 .0 20.2  60.4 
1 964 2 . 3  1 . 2  1 . 1  20 .9 60 .2  
1 965 2 . 5  1 . 2 1 . 2 2 1 . 8  59 . 2 
1 966 2 . 6  1 .2 1 . 3 2 1 .7 5 8 .0 
1 967 2 . 5  1 . 1 1 .4 20 . 2 49 .5 
1 968 2 . 8  1 .3 1 .6 2 1 . 2 45 .8  
1 969 3 . 2 1 .4 1 . 8 2 2 .4 42.2 
1 970 3.4 1 .3 2 . 1 23 .3  37 .8 
1 97 1  3 .9  1 . 7 2 . 2  2 5 . 8  4 3 . 2  
1 972 4.7 2.2  2 . 5  29.0 43 . 6  
1 973 6 .3 3 .2 3 .0 36. 1 47 .6  
1 974 6 . 1 3 .5 2 . 6  36 .8  53 .3  
1 975 6.0 4 . 1 1 .9 36 .8  59 .5  
1 976 7 . 3  5 .3  2 .0 42.0  67 .2  
' N umbers wi l l  n ot add u p  d ue t o  round ing. 
2 Inc ludes u n fin ished o i l ,  natura l  gas l iquids ,  and p la nt condensate . 
-'Exc ludes i n direct i m ports;  i n c ludes i mports  fro m  sources that were included i n  O P E C a nd Arab O P EC 
me m berships as of December 3 1 ,  1 9 76. 
4 Figures for 1 960-66 exclude i m po rts into U . S .  terr ito ries and associated areas; a l l  figu res exclude 
m i l itary gra n t  sh ipments .  
Sources: Bureau of Mines;  Departme nt of Commerce for pay ments. 
M B B L / D = m il l ions  of barrels per day. 
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A R A B  O P EC PAY M E N TS FOR 
I M PO RTSJ I M PORTS" 
(% OF TOTA L  ( M I L L I ON S  
I M PO RTS ) OF DO L L A R S )  
1 6 .0 1 . 543 
1 4 .8 1 .674 
1 1 . 5 1 .8 1 0  
1 2 .0 1 .8 24 
1 3 .0 1 ,904 
1 2 .5 2 ,09 5 
1 1 . 8 2 , 1 2 4  
6.9 2 .09 1 
9 . 5  2,384 
8 . 7 2,649 
5 . 7  2 .929 
8 .9 3 ,649 
1 1 .2 4,65 1 
1 4 .6 8 ,4 1 4  
1 2 . 2  26 .592 
22 .9  2 7 ,0 1 � 
3 2 . 1 34 .643 


